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Abstract
Background: Among the solid malignancies of bone, osteosarcomas 
are the most common, but unfortunately there has not been solid 
new therapy for this disease. In this study, we emphasized on the 
prognostic markers of the disease and our goal was to present the 
clinical and demographic outcomes of osteosarcoma patients.

Materials and Methods: A total of 30 patients (17 male, 13 
female) osteosarcoma patients treated and followed up in Middle 
Euphrates Cancer Center Therapy in Najaf, Iraq from 2016 to 
2017 were reviewed prospectively and retrospectively. Serum 
alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and 
bone-specific ALP (bsALP) were analyzed both before and after 
chemotherapy. Patients were also examined by magnetic resonance 
imaging (MRI). 

Results: Seventeen male and thirteen female patients were 
diagnosed with metastatic (except one male and one female) 
osteosarcoma located at extremities. The patients showed an 
increase in the level of serum alkaline phosphatase (ALP), lactate 
dehydrogenase (LDH), bone specific ALP. A strong correlation was 
demonstrated between LDH and MRI results. 

Conclusions: In this study, LDH and MRI were found to be the most 
important prognostic factors in osteosarcoma patients. An increase 
in serum level of ALP, LDH, and bone specific ALP was observed. 
A Significant correlation was indicated between LDH and MRI 
results. An increase in sample size and the use of more effective 
and active agents of chemotherapy, especially for metastatic cases 
are needed.
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Introduction
The origin of the osteosarcoma is the primitive mesenchymal cells 

of bone; it is rarely derived from soft tissue. It is considered the most 

common primary bone tumor in childhood and adolescence and 
the most common malignancy [1]. It often leads to fatal metastasis, 
usually in the lungs causing the highest rate of death in these age 
groups [2]. Its incidence is lower among older people (2-3 per 106) 
if compared to its incidence in age group 15-19 years where it is 8-11 
per 106. In addition, the incidence in females is higher than in males 
with a ratio of 4:1 [3,4]. Distal femur, proximal tibia and proximal 
humerus are the origin of osteosarcomas in many patients and 10% 
of osteosarcoma developed in the axial skeleton [5]. Swelling and local 
pain with limitation of joint movement are common symptoms in 
osteosarcoma patients with some cases where pathological fracture is 
the first sign of disease. 

MRI is a better indicator to determine soft tissue involvement 
in the whole bone, it is used in combination with plain radiography, 
and the latter assess the changes at the bone. In addition, a thorax 
computed tomography is also done to determine metastasis to the 
lungs. Lungs and to a lesser extent bones are the most common sites 
involved in metastasis and approximately 15% of patients end up 
with metastatic osteosarcoma [1]. Osteosarcoma patients are treated 
with chemotherapy and the most used chemotherapeutic agent are 
doxorubicin, cisplatin, methotrexate and ifosfamid [6]. Survival 
rates with these agents are 10-50%. Surgery is used in addition to 
chemotherapy in patients with limited lung metastasis [5]. 

Before the advent of chemotherapy, 80-90% of osteosarcoma 
patients ended up with metastatic cancer that led to their death [7,8]. 
Chance of survival is improved with the addition of surgical resection 
of tumors in metastatic patients although the prognosis in metastatic 
osteosarcoma remains poor. Biomarkers can be helpful in predicting 
osteosarcoma which in turn can improve patient’s survival. In this 
study, we used some of these markers such as LDH, ALP, bsALP and 
MRI to determine their value in predicting metastasis of the disease at 
the time of diagnosis. 

Although the use of surgery along with chemotherapy have 
drastically improved the treatment outcomes for osteosarcoma 
patients; however, metastatic lesions and poor response to 
chemotherapy have been reported as important prognostic factors 
as well [9,10]. Histological analysis is used to assess the response 
to chemotherapy despite the difficulty of assessment before tumor 
excision. Although histological analysis after chemotherapy has a 
significant prognostic value in osteosarcoma patients, prognostic 
value of radiological examinations in the treatment of osteosarcoma 
has been reported in scant cases [11,12]. 

ALP belongs to a group of metalloenzymes with low substrate 
specificity that requires alkaline environment [13]. Tissue-nonspecific 
ALP (TNALP) gene expression takes place, among other places, in 
tissues as osteoblast, kidney, hepatocytes, and early placenta. Serum 
ALP originates mostly from hepatic tissues, bone, or kidney [14]. 
Serum ALP level increases in patients with osteosarcoma. There 
exist a relationship between serum ALP and clinical outcome in 
osteosarcoma patients [15], although that relationship has been 
shown to be different in different studies, so the role of serum ALP 
as a prognostic value in osteosarcoma patients has been shown to be 
inconsistent in these studies. In addition to that, normal values of 
serum ALP in children are usually higher in children [16] which make 
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it difficult to regard serum ALP as a prognostic biomarker in patients 
with osteosarcoma. 

Another variable factor to be considered is the stage of cancer. 
One study, using 816 osteosarcoma patients, has shown significant 
relationship between elevated serum ALP and metastasis [17-19]. 
Elevated serum ALP in 372 non-metastatic osteosarcoma patients 
showed no significant correlation with the spread of the disease 
[20-22]. To improve the prognosis of the cancer, there is still a need 
for better biomarkers to be implemented in aggressive treatment in 
patients with poor prognosis [23]. 

Materials and Methods
Thirty patients with osteosarcoma between the age of 24 to 60 

years (average 41.7 years) for male, and 15-68 years of age (average 
38 years) for female were treated at the Middle Euphrates Cancer 
Therapy Center in Najaf, Iraq. 

The values of LDH, ALP, and bsALP were determined using from 
blood sample obtained from patients. Along with MRI, values were 
used to determine diagnosis and assess stage of cancer. Pathological 
assessment was done on samples obtained from biopsy and surgery. 
Cancer stage was determined and only patients treated with 
chemotherapy and surgery were included in the study while those 
patients that had low grade osteosarcoma or who did not undergo 
surgery were excluded from the this study. 

Pre-chemotherapy and post-chemotherapy values of serum 
ALP, LDH, bsALP, and MRI were performed on all patients. Patients 
received 3-5 courses of chemotherapy at interval of 21 days; surgery 
was performed after the culmination of chemotherapy. In first line 
of chemotherapy course, cisplatin 75 mg/m2 was infused for 1-2 h 
followed by doxorubicin infusion (30 mg/m2/day) for 2 days and 72 h 
of caffeine infusion (1.5 g/m2/day for 3 days). Non-metastatic patients 
received only first line of treatment while metastatic patients were 
followed with second line of treatment with ifosfamide 3 g/m2/5day, 
etoposide (100 mg/m2 for 3 days and mesna 3 gm/m2). To detect local 
recurrence and metastasis, a follow-up evaluation was performed 
consisted of MRI, serum LDH, ALP and bone-specific ALP.

Compliance with ethical standards

Consent was obtained from all patients and/or their families and 
the study was approved by the Institutional Review Board of college of 
medicine/Kufa university, Najaf, Iraq.

Magnetic resonance imaging 

MRI sequences included a standard (spin-echo) T1-weighted 
sequence (repetition time [ms]/echo time [ms], 400-900/10-20), with 
or without gadolinium enhancement, and an intermediate weighted/
T2-weighted sequence (1,500-2,500/70-100), without fat suppression 
(Philips Ingenia 1.5T, Philips Healthcare, Best, Netherlands). 

Intramedullary tumor lengths were measured in coronal sections 
of unenhanced T1-weighted sequences, and tumor widths and depths 
were measured in axial enhanced T1- and T2-weighted sequences 
without fat suppression [24]. Final decisions of MRI evaluation were 
made by the consensus of three reviewers whenever there was a 10% 
discrepancy in image readings. 

Laboratory analysis

In all patients a chemistry panel and complete blood count tests 
were performed before the start of chemotherapy including ALP, LDH 

and bsALP. The normal ranges for ALP at our institution are defined 
according to gender and age: in males aged <12, 14-18 and >17 years 
the upper limit of the normal ranges are 304, 385 and 128 U/l, and in 
females are 310, 188 and 101 U/l, respectively.

Histological examination

Fresh tumor tissue samples were processed for histological 
reading according to standard procedure of fixation in 10% 
formalin, embedding in paraffin, sectioning at 5 µm thickness, 
xylene deparaffinization, and final rehydrating in an ethanol series. 
Hematoxylin and eosin (H &E) staining was performed according 
to standard protocols. Histological examination was performed with 
a BHS System Microscope (Olympus Corporation, Tokyo, Japan). 
Images were acquired with INFINITY ANALYZE software (Lumenera 
Corporation, Ottawa, Canada) [25].

Statistical analysis

Statistical analyses were performed using SPSS software version 
21.0 (SPSS, Inc., Chicago, Illinois, USA). Correlation between the 
prognostic factors was assessed by Pearson’s correlation coefficient. 
The correlation between the prognostic factors, LDH, ALP, bone-
specific ALP serum level and MRI was done using Pearson’s rank 
correlation coefficient. A P value of < 0.05 was considered statistically 
significant. 

Results
Regarding the study participants, the mean age of patients was 

24-60 years for males and 15-68 years for female. Most patients (57%) 
were female, and 43% were male. The most frequent tumor location 
was the femur (53%), followed by the humerus (30%) and tibia 
(17%). Twenty-eight out of the thirty patients included in this study 
were found to be metastatic at the time of diagnosis. The majority 
of pathological type was osteoblastic followed by chondroblastic and 
50% of the tumor was stage IV as shown in Table 1. The normal values 
of ALP and LDH, were established according to the reference values 
of our laboratory in our center (LDH range 26-440 U/L, ALP range 
32-131 U/L). Analyses were performed by a Roche/Hitachi COBAS 
modular machine. All patients with ALP and LDH, bone-specific ALP 
values were above the normal range as shown in Table 2. 

Pearson correlation analysis was used to any correlative changes 
between any two of the following prognostic factors: ALP, LDH, 
bsALP and MRI. The results are shown in Table 3.

Histopathological examination was conducted on study 
participants. The results are shown in Figures 1 and 2. Additionally, 
MRI results are demonstrated in Figure 3.

Discussion
Lack of homogeneity in analysis and methods in previous studies 

is to blame for the contradictory conclusions reached by different 
studies. Histological subtype, gender, age, genetic variations, elevated 
values of serum AP or LDH, bsALP, and MRI are all markers that have 
been used to assess the prognosis of osteosarcoma patient but with 
variable results. 

Among these potential markers, histological response, presence of 
metastasis, was found to be important prognostic factors [26]. In this 
study, we found the rate of clinically detectable metastatic disease at 
initial presentation is significantly higher compared to expected rates 
in developed countriesa (10-20%) [27-29], or when the results of our 
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Characteristic No. of patients % Average
Years

Range
Years Metastatic site

Age at diagnosis (y)
Male
Female

30
13
17

100 41.7
38

24-60
15-68

Lung*

Lung

Gender
Male 
Female

13
17

43
57

Primary tumor location
Femur 
Tibia 
Humerus 

16
5
9

53
17
30

Pathologic subtype
Osteoblastic
Chondroblastic 
Fibroblastic 

18
10
2

60
33
7

Stage
IIA 
IIB 
IIIB 
IV

2
7
6
15

7
23
20
50

Table 1: Characteristics of study participants.

*Note: Site of metastases was in lungs in all patients except in one male patient where cancer metastasized to lung and brain. 

Pre-chemotherapy treatment evaluation                                                                                                     

         

                                                                                                                                                                                                                                 

                                                                                                                     

                                                

  

Preoperative 
chemotherapy 
3-5 courses of 
chemotherapy  
at 21 days intervals 
 

Prognostic factors, 
serum LDH, ALP, 
bsALP and MRI 
were measured 
 

Prognostic factors, 
serum LDH, ALP, 
bsALP and MRI 
were measured 

Surgery followed by 
chemotherapy               

Figure 1: Study Protocol. Thirty participants with osteosarcoma were studied before and after chemotherapy.
*Note: Each chemotherapy course consisted of cisplatin 75mg/m2 was continuously infused through a catheter for about 2 h followed by 48 h of continuous 
doxorubicin infusion (30mg/m2/day for 2 days) and 72 h of caffeine infusion (1.5 g/m2/day for 3 days).              

B A 

Figure 2: Temno needle biopsy of the distal femoral lesion. Histopathological sections of osteogenic sarcoma. (A) Showed many neoplastic osteoid forming 
cells, low power x10. (B) Showed many malignant osteoblastic cells, high power x100. Prominently featuring rhabdoid-appearing cells producing osteoid which is 
pathognomonic for osteosarcoma.
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study compared to studies done in Brazil 20.8% [30-32] and in South 
Africa 49-66% [33,34]. The differences in these studies probably due to 
delay in diagnosis and advanced disease at the moment of diagnosis, 
and possibly the first cause of mortality among these patients, and 
considered one of the significant prognostic factors of this disease 
[30,35]. 

Also, age was found to be another significant factor in outcome of 
disease. Prognosis was found to be poor in patients with age above 40 
years [36], our study showed the same result. European and American 
studies have shown the gender not to be a significant prognostic 
factor [37,38] although Brazilian [31] and Scandinavian [39] studies 
concluded that females having a better prognosis, the later findings 
were not observed in our study.

In addition to gender not being significant factor in survival rate, 
we found the histological subtype also to be as such, as previously 
reported [40]. 

Our result confirmed the previous result in terms of ALP having 
a prognostic value. Our current study represents the first in its kind 
about this cancer in our country, although its limitation is in the small 
number of osteosarcoma patients. More expanded studies are needed 
in the future [41,42]. 

Previous studies that showed metastasis to bones indicates a 
worse prognosis than metastasis to the lungs [43]. In this study, we 
aimed to evaluate if the pretreatment value of serum ALP, LDH and 
bsALP could be used as specific markers in high grade metastatic 
osteosarcoma of the extremities to determine the presence of skeletal 
and pulmonary metastases. Our results is similar to previously 
reported results [43] but disagrees with other reported results that 
showed no value in these parameters in predicting metastasis to the 
lungs [43]. 

Previous study showed that LDH can be used to reflect systemic 
malignancies and its significance has been illustrated in various types 
of cancers including Ewing’s sarcoma [43]. BsALP has been suggested 
to be a reliable prognostic tumor marker of osteosarcoma [44].

Although elevation of LDH predicted metastasis with high 
specificity, but it did not differentiate between metastasis to bones or 
to lungs [43], and this is similar to our result in which all the skeletal 
osteosarcoma patients had pulmonary metastasis. 

ALP, LDH, and bsALP did not show distinction between skeletal 
and pulmonary metastasis in previous study. To the best of our 
knowledge, our study is the first of its kind in Iraq to use the elevation 
of ALP and LDH as specific predictive markers for metastatic skeletal 
osteosarcoma. Han et al found that serum ALP elevation to more than 
twice the upper limit of normal value in patients that had pulmonary 
metastases [45]. Rizolli et al found similar results [46]. 

The original goal of this study was to determine the predictive 
value of ALP, LDH and bsALP as markers in determining the disease 
outcome and survival, but few shortcomings such as small sample size 

 

A 

C 

B 

Figure 3: Osteosarcoma distal femur. MRI of distal femur T2 showed large high signal mass lesion with bone edema and periosteal reaction. Soft tissue mass with 
bone destruction indicates of aggressive bone tumor. (A) Coronal MRI T2W, (B) T1W, (C) X-ray anteroposterior and lateral views. 

Marker N Mean SD
LDH (U/L) 30 510.5 503.9
ALP (U/L) 30 144.3 103.8
Bone specific ALP (mcg/L) 30 0.4 0.2
MRI 30 9.8 8.9

Table 2:  Descriptive Statistics, Measurement of the prognostic markers.
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inhibits us from accomplishing the goal of the study. Several patients 
were lost to the follow up and therefore the long term survival could 
not be determined.

The incidence of metastases was higher than those reported by 
Marais et al (80%) and much higher than those reported by Bacci et 
al. [46]. These outcomes could be due to either more advanced disease 
stage, both locally and systemically or its aggressiveness at the time 
of diagnosis. 

MRI should be used to detect skeletal osteosarcoma at the initial 
stage before treatment and during the follow-up. All imaging findings 
were reviewed by three experienced musculoskeletal radiologists 
who had image diagnostic experience and high knowledge about this 
tumor. 

In this study, we found serum ALP provides important 
information in determining prognosis in osteosarcoma patients and 
associated with the presence of metastasis. Since this test is simple and 
cost-effective, it is one of the routine fast diagnostic tests in clinical 
laboratories. 

Following treatment, serum LDH levels almost uniformly 
returned to normal and no correlation between postoperative levels 
and relapse of disease could be identified. As another outcome of this 
study, we believe serum LDH level is a reliable marker to determine 
prognosis in patients with osteosarcoma of the extremities and that 
it can be used to determine the efficacy of different therapeutic 
protocols. 

Conclusion 
In our study, we find that LDH and MRI are the most important 
prognostic markers for osteosarcoma. An increase in serum level of 
ALP, LDH, bsALP were observed in all patients compared to normal 
reference values in our institution. A significant correlation was 
observed between LDH and MRI results. The uses of more effective 
and active agents of chemotherapy, especially for metastatic cases are 
needed. Sample size should be increased. More specific clinical trials 
are needed for further exploration of these serum biomarkers for use 
in clinical monitoring of osteosarcoma patients. 
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LDH ALP MRI Bone specific ALP

LDH (U/L)
Pearson Correlation 1 -0.121 -0.376(*) -0.117
Sig.(2-tailed) 0.523 0.041 0.537
N 30 30 30 30
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Pearson Correlation -0.121 1 -0.060 -0.054
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N 30 30 30 30

MRI
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Sig.(2-tailed) 0.041 0.751 0.511
N 30 30 30 30

Bone specific ALP 
(mcg/L)

Pearson Correlation -0.117 -0.054 -0.125 1
Sig.(2-tailed) 0.537 0.777 0.511
N 30 30 30 30

Table 3: Pearson Correlation coefficient among four of the prognostic factors of osteosarcoma.

*Note: Correlation is significant at the 0.05 level (2 tailed).
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